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Project Introduction

Unlocking the next generation of complex missions for autonomous spacecraft
will require significant advances in robust motion planning. The aim of motion
planning is to generate a sequence of control inputs which navigates a vehicle
from a set of initial states to a specified goal region while minimizing cost (e.g.
time and fuel) and avoiding obstacles. In future missions, unmanned
spacecraft interacting with asteroids, comets, or distant moons or in proximity
operations with debris or other spacecraft will need to plan feasible
trajectories which satisfy the mission objectives with a guaranteed margin of
safety. Therefore, motion planning systems must be equipped to navigate
dynamic, cluttered environments while actively assessing risk by accounting
for uncertainty. In addition, trajectories must be computed in real-time under
the tight computational constraints of space-qualified hardware. This research
seeks to combine and build on recent developments in sampling-based motion
planning algorithms and chance constrained optimal control to address these
challenges. Chance constrained optimal control allows the user to explicitly set
risk bounds, guaranteeing a desired probability of safety. By extending chance
constraint optimization to sampling-based motion planning algorithms, we will
have an algorithmic tool that enables the real-time computation of feasible
paths with certifiable safety guarantees. Additionally, we will explore parallel
computational strategies and heuristics relevant to spacecraft dynamics for
fast computation of near-optimal and provably-safe trajectories. The project
builds on recent work by the Autonomous Systems Lab at Stanford University
on sampling-based motion planning algorithms, including the Fast Marching
Tree (FMT*) algorithm, which is designed to scale up to high-dimensional
configuration spaces and to be efficient for kinodynamic constraints, both
characteristic of spacecraft maneuvering. The three proposed milestones of
this research are as follows: (1) Extend chance constraints to sampling-based
motion planning in the case of kinodynamic constraints and for time-varying
obstacles, (2) Increase computational efficiency through parallelization of the
algorithms and by applying heuristics specific to spacecraft maneuvering, (3)
Validate the algorithms on an experimental testbed which replicates spacecraft
motion.

Anticipated Benefits

This research seeks to combine and build on recent developments in sampling-
based motion planning algorithms and chance constrained optimal control to
address these challenges. Chance constrained optimal control allows the user
to explicitly set risk bounds, guaranteeing a desired probability of safety. By
extending chance constraint optimization to sampling-based motion planning
algorithms, we will have an algorithmic tool that enables the real-time
computation of feasible paths with certifiable safety guarantees. Additionally,
we will explore parallel computational strategies and heuristics relevant to
spacecraft dynamics for fast computation of near-optimal and provably-safe
trajectories.
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Primary U.S. Work Locations and Key Partners ..
Organizational

Responsibility

Responsible Mission
Directorate:

Space Technology Mission
Directorate (STMD)

Lead Organization:

Stanford University (Stanford)

Responsible Program:

@ Space Technology Research
Grants

Project Management

Program Director:

Organizations ) Claudia M Meyer
Performing Work Role Type Location
° Program Manager:

Stanford Lead . Stanford, Hung D Nguyen
. ) N Academia . -
University(Stanford) Organization California Principal Investigator:
. Marco Pavone
@ j0hnson Space Supporting NASA Houston,

Center(JSC) Organization Center Texas Co-Investigator:
Andrew M Bylard

Primary U.S. Work Locations

California

Project Website:

https://www.nasa.gov/strg#.VQb6T0jlzyE
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Technology Maturity
(TRL)

Start: 2
Current: 3
Estimated End: 3

1 WwARR 4 5 6 7 8 9

Applied

Rt Development Demo & Test

Technology Areas
Primary:

e TX10 Autonomous Systems
- TX10.2 Reasoning and
Acting
- TX10.2.3 Motion
Planning

Target Destination
Outside the Solar System
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